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Description 

1. Field of the invention 

5 The present invention relates to anticoagulants containing as active ingredients protein C and heparin or 

activated protein C and heparin, or protein C or activated protein C, heparin and antithrombin III (called AT III 
hereinbelow). 

2. Prior art 

10 

Protein C was isolated and purified by Stenflo from bovine plasma (The Journal of Biological Chemistry, 
251(2), 355-363 (1976)) and later by Kisiel from human plasma (The Journal of Clinical Investigation 64, 761- 
769 (1979)). It can now also be prepared by means of genetic engineering. 

Biochemistry 19, 401-41 0 (1 980), Proc. Natl. Acad. Sci. USA 79, 7200-7204 (1 982) and J. Biol. Chem. 258^ 

is 1914-1920 (1983) state that protein C is activated in vivo by thrombin and thrombomodulin or in yjfro by Pro- 
tac®, a snake venom, to form activated protein C which inactivates blood coagulation factor VIII and blood 
coagulation factor V, phospholipid and Ca*\ 

The role of factor V in the prothrombin activation reactions on phospholipid have been studied since the 
latter half of the 1970s. Conversion rate of prothrombin to thrombin by activated factor X is greatly accelerated 

20 by activated factor V, phospholipid and Ca 2 *. Taking the conversion rate with the prothrombin - activated factor 
X - Ca 2 ^ system as 1 , the rate is 22 when phospholipid is added to the composition, 356 when activated factor 
V is added in place of the phospholipid and 278000 when both the phospholipid and the activated factor V are 
added. As described above, activated factor V as a protein cofactor plays an important role in activation of pre- 
cursors of coagulation factors. It is activated protein C that decomposes activated factor V thereby inhibiting 

25 its cofactor activity and progress of the coagulation cascade. Activated factor VIII also possesses a protein- 
cofactor activity and deeply participates in the activation of factor X by activated factor IX Effect of activated 
factor VIII on the activation reaction is shown by an increase in the rate of the activation by about 200000 times 
in the presence of activated factor VIII, Ca* and phospholipid as compared with the absence of factor VIII and 
phospholipid. Activated protein C also inactivates factor VIII thereby inhibiting the progress of the coagulation 

30 cascade. 

Heparin was found by Mclean in the liver of dogs as a substance which inhibits blood coagulation (Am. J. 
Physiol. 4! 250-257, 1916). Seventy years have passed since the discovery of heparin. Now, it is widely used 
as an anticoagulant which is prepared by separating and purifying it from the liver and intestine of cattle and 
whales. It is known that the blood coagulation-inhibiting activity of heparin is produced in such a way that the 
35 presence of heparin accelerates the action of AT Ml in inhibiting thrombin or activated blood coagulation factor 
X. 

Miller-Anderson et al. published the specific purification method of AT III by so-called affinity 
chromatography with heparin fixed on agarose (Thromb. Res. 5, 439-452 (1974)). Since then, purification of 
AT III has become much easier, and AT III is now available world-wide as an anticoagulant in the form of phar- 

40 maceutical preparations which are mainly used for the therapy of disseminated intravascular coagulation (DIC). 
AT III is known to inhibit in vitro activities of thrombin, activated factor IX and activated factor X in blood coagu- 
lation. Activated factor X, however, is not inhibited by AT III if it forms a complex with activated factor V, Ca 2 * 
and phospholipid. It is believed that the inhibitory effect of AT III in vivo is mainly toward thrombin generated 
in blood. The effect is greatly reinforced by heparin. 

45 Blood coagulation includes intrinsic blood coagulation and extrinsic blood coagulation caused via extravas- 

cular tissue factors and phospholipid. 

These factors do not act independently. Bleeding occurs with insufficiency of coagulation factor VIII or fac- 
tor IX which is an intrinsic factor, even if the extrinsic system is normal; bleeding also occurs with factor VII 
insufficiency even if the intrinsic system is normal. When a small amount of a tissue factor is produced, the 

so tissue factor forms a complex with factor VII, Ca 2 * and phospholipid, which activates an intrinsic factor, factor 
IX. This means that without the activation of factor IX by the complex, coagulation will not effectively occur. 

The intrinsic system is activated by the contact of factor XII with the connective tissues, particularly with 
collagen, and through a cascade, activates factor X. On the other hand, the extrinsic system, while activating 
factor X by the formation of a complex of a tissue factor generated by tissue injury with factor VII, Ca 2 * and 

55 phospholipid, activates intrinsic factor IX to accerelate formation of activated factor X. 

Furthermore, the factor X activated by both intrinsic and extrinsic systems forms a complex with factor V 
which is a cofactor, Ca 2 * and phospholipid which acts as an activator for prothrombin to result in conversion of 
prothrombin to thrombin. The thrombin converts fibrinogen to fibrin. In the extrinsic system, the processes from 
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factor XII are bypassed, and therefore, the processes take place within ten and more seconds. A very small 
amount of thrombin which has been formed at the early stage ads upon factor V and factor VIII, which in turn 
are activated thereby further accelerating coagulation. The very small amount of thrombin is known to act also 
upon platelets and to promote liberation of phospholipid. Thus, it plays a role of the trigger for the intrinsic coagu- 

5 lation in combination with activation by the action of factor XII. 

In the coagulation system fibrin is finally formed with the participation of many coagulation factors. As pre- 
viously described, inhibition of the above processes take place by AT III mainly to thrombin and by protein C 
to activated factor V and activated factor VIII. AT III is presently used for the therapy of DIC, however the 
mechanism of its action does not indicate inhibition of the activation process itself, therefore the development 

10 of more effective anticoagulants which inhibit not only the activation process but also thrombin activity is des- 
ired. 

Detailed Discription of the Invention 

15 In view of the above-described situation, we made extensive studies on effective anticoagulants. Surpris- 

ingly, very high anticoagulant activities not obtained with activated protein C alone or with AT lll-heparin have 
been found according to the present invention. The invention is concerned with anticoagulants containing as 
the active ingredients human protein C and heparin or activated protein C and heparin, or human protein C or 
activated protein C, heparin and AT III. 

20 The anticoagulants of the invention are administered preferably by injection or infusion. In preparing the 
injectable pharmaceutical preparation, a pH-adjusting agent, a buffering agent, a stabilizer or an agent for 
effecting isotonicity may be added to the active ingredients. Lyophilization may further be applied by conven- 
tional procedures to prepare freeze-dried injectable preparations. For example, one or more of additives such 
as mannitol, sucrose, lactose, maltose, glucose, amino acids and albumin may be added to the active ingred- 

25 ients; the mixture is dissolved in water, and the solution is divided into vials or ampules, which are then freeze- 
dried and tightly sealed to prepare the preparation for intravenous injection. 

Protein C as an active ingredient is present in the carrier at a concentration in the range of 2 jig/ml to 20 
ng/ml, AT III in the range of 140-300 ng/ml and heparin in the range of 0.1-1.0 usp unit/ml. The total amount 
of protein in the active ingredient to be given per dose is in the range of 5 mg to 1 g for an adult weighing 60 

30 kg. Multi-doses may occasionally be needed. 

Protein C or activated protein C and AT III, which are used as active ingredients in the pharmaceutical pre- 
parations of the invention, are human plasma proteins and are of very low toxicity. Heparin is currently used 
clinically and has no toxicity problems at all provided that it is properly used. 

The invention will be described in more detail with reference to Test Examples and Examples. 

35 

Test Example 1 

Prolongation of the prothrombin time in protein C-deficient plasma 

40 As protein C a product purified by the method of Kisiel (J. Clin. Invest. 64, 761-769, 1979) was used. Acti- 

vation of the protein C was according to the method using Protac® (Thromb. Res. 43, 253-264, 1986). 

Heparin and the activated protein C were added to protein O-defficient plasma. After incubation at 37°C, 
tissue thromboplastin and CaCI 2 solutions were added, and coagulation time was measured according to the 
usual measurement of prothrombin time (Scan. J. Clin. Lab. Invest 1, 81, 1949). Results are shown in Fig. 1. 

45 It can be seen from Fig. 1 that although almost no prolongation of the coagulation time was observed in case 
of activated protein C in the absence of heparin (□-□), a prolongation was observed in the presence of heparin 
and activated protein C (o-o). 

Test Example 2 

50 

Prolongation of the prothrombin time by combinations of heparin, AT III and activated protein C in the pre- 
sence of prothrombin, factor VII, factor X, factor IX and fibrinogen 

To a mixed solution of prothrombin, factor VII, factor IX and factor X prepared containing each at a con- 
55 centration of one unit/ml fibrinogen was added (4 mg/ml) followed by addition of a solution of heparin, AT III. 
and activated protein C in various combinations. After incubated at 37°C for 2 min., tissue thromboplastin and 
CaCI 2 solutions were added, and coagulation time was measured according to the usual measurement of prot- 
hrombin time (Scan. J. Ciin. Invest. 1, 81, 1949). Results of the experiments are shown in Table 1. It can be 
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seen from Table 1 that coagulation time is much prolonged in the presence of a combination of AT III, heparin 
and activated protein C. 



Table 1 



Prothrombin Time 



10 



15 



20 



25 



Additive 



30 



AT III 

Heparin 

APC 

AT III + heparin 

APC + heparin 

APC + AT III 

APC + AT III + heparin 



Coagulation time 



Experiment 1 
14.8 
15, 1 
17.3 
21.4 
24.9 
25.0 
21.6 
76.4 



Experiment 2 
14.7 
15.2 
17.1 
21.2 
23.4 
24.2 
21.6 
102.5 



35 



APC: Activated protein C 



Example 1 



In order to obtain a 10 mi-preparation, a vial or an ampule was filled with 1 .5 mg of protein C or activated 
protein C, 50 usp units of heparin, 22 f 5 mg of aminoacetic acid, 25 mg of human serum albumin, 100 mg of 
40 D-mannitol , and 90 mg of sodium chloride followed by lyophiiization and tight sealing. 

Example 2 

A 1 0 mi-preparation was prepared by filling a vial or an ampule with 1 .5 mg of protein C or activated protein 
45 C, 50 mg of AT ill, 50 usp units of heparin, 22.5 mg of aminoacetic acid, 25 mg of human serum albumin, 100 
mg of D-mannitol and 90 mg of sodium chloride followed by lyophiiization and tight sealing. 

Fig. 1 is a graph showing relationship between concentration of protein C and coagulation time. 



so Claims 

Claims for the following Contracting States : DE, GB, FR, IT, NL, SE, LI, CH, BE, AT, LU 

1 . An anticoagulant containing protein C and heparin or activated protein C and heparin. 
55 2. An anticoagulant according to claim 1 additionally containing antithrombin Hi. 

3. Use of an anticoagulant according to claim 1 or 2 for the production of a medicament to treat hemostatic 
disorders. 
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Claims for the following Contracting States: ES, GR 

1 . A process for the preparation of an anticoagulant, characterized by transforming protein C together with 
heparin or activated protein C together with heparin into a pharmaceutical^ acceptable form. 
5 2. A process as claimed in claim 1, characterized in that antithrombin III is included. 

3. Use of an anticoagulant obtained according to claim 1 or 2 for the production of a medicament to treat 
hemostatic disorders. 



10 Patentanspruche 

Patentanspruche fur folgende Vertragstaaten : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1 . Antikoagulantium mit einem Gehalt an Protein C und Heparin Oder aktiviertem Protein C und Heparin. 
15 2. Antikoagulantium nach Anspruch 1, das zusfitzlich Antithrombin III enthalt. 

3. Verwendung eines Antikoagulantiums nach Anspruch 1 Oder 2 zur Herstellung eines Medflcaments zur 
Behandlung himostatischer Storungen. 

Patentanspruche fur folgende Vertragstaaten : ES, GR 

20 

1. Verfahren zur Herstellung eines Antikoagulantiums, gekennzeichnet durch Clberfuhren von Protein C, 
zusammen mit Heparin, oder aktiviertem Protein C, zusammen mit Heparin, eine pharmazeutisch annehmbare 
Form. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, da& Antithrombin III mitverwendet wird. 

25 3. Verwendung eines nach Anspruch 1 oder 2 erhaltenen Antikoagulantiums zur Herstellung eines Medh 
kaments fur die Bahandiung von hamostatischen Storungen. 



Revendications 

30 

Revendications pour les Etats contractants sulvants: BE, GB, FR, IT, SL, SE, LI, CH, BE, AT, 
LU 

1 . Anticoagulant contenant de la proteine C et de Pheparine ou de la proteine C activee et de Pheparine. 
35 2. Anticoagulant selon la revendication 1, contenant de plus de I'antithrombine III. 

3. Utilisation d'un anticoagulant selon la revendication 1 ou 2 pour preparer un medicament destine d traiter 
les affections iiees & Phemostase. 

Revendications pour les Etats contractants suivants: ES, GR 

40 

1 . Precede pour preparer un anticoagulant, caractense en ce que Ton transforme de la proteine C, conjoin- 
tement avec de Pheparine, ou de la proteine C activee, conjointement avec de I'heparine, pour les obtenir sous 
une forme pharmaceutiquement acceptable. 

2. Precede tel que revendique dans la revendication 1, caractense en ce que I'on incorpore de Pantithrom- 
45 bine III. 

3. Utilisation d'un anticoagulant obtenu confonmement d la revendication 1 , pour preparer un medicament 
destine a traiter les affections Iiees & Phemostase. 
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